Using a time-dependent numerical model where the prompt gamma-ray burst emission is calculated in the framework of the internal shock model on a broad energy range (from soft X-ray to GeV energies), we compute gamma ray burst lightcurves and time-evolving spectra. We show how the spectral evolution in this model is determined by the evolution of the physical conditions in the shocked regions and by the dominant radiative process for the effective microphysics parameters. Model predictions are confronted to the observations in the standard sub-MeV energy range, as well as with high energy bands observed by Fermi. In the soft gamma-ray range we considered the evolution of the pulse shape in different energy channels and the empirical hardness-intensity correlation; the scenario where the soft gamma-ray component is due to synchrotron radiation from shock accelerated electrons gives the best agreement with observations. In this scenario a variable inverse Compton component is expected at high energies (>100 MeV). We examine the effect of this component on the observed light curve and spectral properties. In particular, we investigate if the properties of Fermi LAT observations (the delayed onset of high energy component, its prolonged duration with respect to GBM emission) can be accomodated within our model.
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Introduction
In about two years of operation, the Fermi gamma-ray space telescope observations of gammaray bursts (GRBs) have already provided significant insights in the high-energy (>100 MeV) behavior. There are several new important spectral and temporal properties [1] revealed by the observations of the Fermi Large Area Telescope (LAT) [2] in the high energy band (20 MeV -300 GeV): (i) the onset of the LAT emission is often shifted to later times with respect to the prompt emission in the sub-MeV range detected by Fermi Gamma-ray Burst Monitor (GBM); (ii) a time resolved spectral analysis showed that no additional spectral component in LAT energy band is required in most of the events (for an exception see e.g. [3] for GRB 090902B). The spectral shape is consistent with the extension of a high energy power law of empirical Band function [4] to LAT energies; (iii) the > 100 MeV emission lasts long after the sub-MeV prompt emission (for an exception see e.g. [1] for GRB 090217). Following these discoveries several new mechanisms for high energy photons production in GRBs were proposed.
Theoretical models predict that prompt gamma-ray burst emission is produced in the expansion of the ultrarelativistic (Γ ≥ 100) unsteady outflow. The fundamental open questions concern the composition of the ejecta (baryonic matter or a Poynting flux) and the energy dissipation mechanism (the emission from internal shocks, the up-scattered photospheric emission or the magnetic dissipation). For the high energy emission there are two main classes of models involving leptonic or hadronic origin. In leptonic models the high energy spectral component can be produced e.g. by synchrotron self-Compton emission where the seed photons for inverse Compton scattering originate from different sources (e.g. [5] , [6] ) or by synchrotron process in the external forward shock (e.g. [7] , [8] , [9] ). Models with the hadronic origin of the high energy emission involve processes related to high-energy protons (e.g. [10] , [11] ).
In this work we examine whether the light curves and spectra derived in the framework of the internal shock model [12] for GRBs can explain the observed spectral and temporal properties of gamma-ray bursts on a broad energy range as observed by Fermi satellite. In the internal shock model the initial inhomogenities in the distribution of the Lorentz factor within the relativistic outflow lead to creation of shock waves; a fraction of the kinetic energy which is dissipated in the shock waves is radiated and produces the prompt GRB. We focus on the most discussed version of the internal shock model where the radiation is due to shock-accelerated electrons in optically thin conditions. We use a numerical model [13] that was developed for the derivation of synthetic gamma-ray burst spectra and light curves by combining a detailed calculation of the dynamical evolution of the relativistic flow with the time-dependent radiative code including most relevant processes (adiabatic cooling, synchrotron radiation and self-absorption, inverse Compton scatterings and γγ annihilation). In our model the instantaneous photon spectrum is determined by the actual physical conditions in the emitting region, and it evolves in time as the physical conditions within the wind evolve with its expansion. The observed time-integrated spectrum includes the contributions from all photon spectra emerging from the relativistic outflow.
In [13] , we explored the large parameter space of internal shocks and identified the class of models that can potentially accomodate different features of high energy spetra observed by Fermi LAT detector. This class of models is characterized by a dominant sub-MeV spectral component due to synchrotron emission at ∼ a few 100 keV and a high energy >100 MeV spectral compo-nent due to inverse Compton scatterings. The relative luminosity of the synchrotron and inverse Compton components varies over the burst duration, since the parameters determining the physical conditions (and therefore the efficiency of various processes) in the shocked medium evolve. Here we examine how the synchrotron spectrum is modified in the presence of the inverse Compton scatterings and what are the resulting spectral parameters in the observer frame. One of the important consequences is the steepening of the low energy power law describing the spectra below the peak. As demonstrated in [14] , the steep spectral slopes are reached when electrons suffer inverse Compton losses in the Klein-Nishina regime; it requires that a large fraction of the shock dissipated energy (∼ 10-30 %) is attributed to a small fraction of electrons ∼ 1 %) and that the magnetic field energy density is very low (< 0.1 %). We examine the effect of this additional radiative component in the light curves corresponding to the Fermi spectral bands.
The synthetic models can be tested against the empirical correlations among the observed GRB properties, e.g. the correlation between the pulse width and energy ( [15] ; [16] ), the hardenssfluence correlation ( [17] ; [18] ), and the hardness-intensity correlation ( [19] ; [18] ). The possibility of our numerical model to produce synthetic light curves in different energy bands allows us to examine if the internal shock model could account for the properties observed in very high energy bands (> 100 MeV) by Fermi LAT detector (e.g. delayed onset of the emission and prolonged pulse duration with respect to sub-MeV bands).
Synthetic spectra and lightcurves
Using our numerical model we produce synthetic light curves corresponding to Fermi GBM and LAT energy bands (8 keV -260 keV; 260 keV -5 MeV; 100 MeV -200 GeV; 1 -200 GeV) and spectra in the observer frame; we integrate subsequent instantaneous spectra on a short timescale (∆t = 0.25 s), and as well on the overal pulse duration. In the following we are going to examine two examples of the single pulse burst, that are both characterized by a spectral peak at ∼ a few 100 keV due to synchrotron emission. A simple single pulse burst can be considered as a constituent of the more complex event. The burst is generated by a relativistic ejection lasting for t w = 2 s with a constantĖ = 5 × 10 53 erg/s and a Lorentz factor increasing gradually from 110 to 400, starting with the wind ejection (see [13] for the details). We assume that in every collision (i) a fraction ε e = 1/3 of the dissipated energy is injected in a fraction ζ of the electrons that are accelerated to relativistic energies with a power law distribution of slope -p; (ii) a fraction ε B of the dissipated energy is used for magnetic field amplification. The assumed redshift in both models is z =1. We consider the following examples:
• Model I: ζ = 8 × 10 −4 , ε B = 5 × 10 −4 , p = 2.5. The peak energy of the synchrotron component is ≃ 400 keV;
• Model II: we examine the effect of varying microphysics parameters (see [20] ) and assume that the fraction of the accelerated electrons is varying according to the energy ε * dissipated in a shock, ζ = ζ 0 × (ε * /100 MeV per proton). We assume ζ 0 = 9 × 10 −4 , ε B = 10 −5 , p = 3.5. The synchrotron component peak energy is ≃ 200 keV. 
Results
We show the observed synthetic spectra and the corresponding spectral parameters for Model I in Figure 1 : as described by [14] , the low energy spectral slope α approaches the value -1 in the presence of inverse Compton scatterings occuring in the Klein-Nishina regime. For the given intial distribution of the Lorentz factors within the wind, the magnetic field and the minimum Lorentz factor of the electron distribution are decreasing strongly with the dynamical evolution (see [13] ), and the peak of the synchrotron component is expected to decrease over the pulse duration. However, due to the inverse Compton scatterings of the photons just below the synchrotron spectral peak, the peak energy remains approximately constant in this example. In Model II (Figure 2) we tested the assumption on the varying microphysics parameter ζ , and the steeper power law distribution of relativistic electrons, p = 3.5. For a simple synchrotron cooling spectrum the expected high energy photon index is β = -(p+2)/2 = -2.75; however in the presence of the underlying inverse Compton component, the high energy spectral power law component becomes less steep (Figure 2 , right panel) and it is approaching β ≃ -2.3 (Bosnjak et al. in prep) . Figure 3 shows the light curves for Model II. With our numerical model it is possible to test the correlation between the pulse width and energy [16] . In the example shown on Figure 3 , left panel, the pulse width at half maximum varies with the energy as W (E) ∝ E −0.2 . The maximum of the light curve at high energy bands (as observed by Fermi LAT) can be shifted to later times with respect to the sub-MeV bands due to the presence of the inverse Compton component ( Figure  3, right panel) . Finally, in Figure 4 we show hardness-intensity correlation (HIC) for Model II pulse. Our numerical model allows to distinguish between the rise and the decay phases of the pulse, and also to follow the high latitude emission. The fit of the power law HIC for the decay of the pulse gives the value consistent with the results by [18] ; it is important to notice here that
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Gamma-ray burst spectral evolution in the internal shock model Željka Bošnjak the slopes for the HIC differ depending on whether spectral/temporal properties are determined by the hydrodynamics of the flow or by the geometry of the emitting shells. The general agreement of the GRB properties derived in the internal shock model with the observations encourages its application to the individual gamma-ray bursts observed by Fermi.
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